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THE  COURSE  OF  THE  OXIDATION  OF  /3-NAPHTHO- 
QUINONE  TO  PHTHALIC  ACID. 


In  many  of  the  reactions  of  organic  chemistry,  where  the  ultimate 
product  is  only  distantly  related  to  the  substances  initially  present, 
it  is  of  great  interest  to  trace  the  intermediate  steps  of  the  reaction  ; 
either,  for  example,  to  elucidate  some  theory — as  that  of  ring  opening 
in  the  oxidation  of  cyclic  compounds — or  in  the  hope  of  discovering 
constitutional  formulas  for,  and  ultimately  achieving  the  synthesis 
of,  the  substances  experimented  on. 

Up  to  the  present,  information  as  to  the  course  of  such  reactions 
has  been  sought  by  examining  the  reaction  products  for  the  inter- 
mediate compounds  suspected  ;  and  by  varying  the  conditions,  such  as 
temperature  and  concentrations  of  the  reaction,  or  by  exchanging  one 
oxidation  or  reduction  agent  for  another,  by  adding  alkali  or  acid,  etc., 
to  discover,  if  possible,  conditions  under  which  they  would  be  formed 
in  isolable  quantities.  .  Much  has  been  accomplished  in  this  manner. 

There  is,  however,  a  second  method  of  procedure  which  is 
illustrated  by  the  experiments  of  the  present  paper  ;  and  which,  so 
far  as  I  am  aware,  has  not  hitherto  been  put  in  practice.  This 
consists  in  studying  the  behaviour  of  the  suspected  intermediate 
products  with  the  reagents  used  in  the  reaction  in  question,  in  order 
to  see  whether,  if  formed,  they  would  accumulate  in  the  reaction 
mixture,  or  would  be  converted  at  once  into  the  final  product. 

This  second  method  is,  in  a  sense,  a  complement  of  the  first ; 
each  furnishes  information  that  the  other  cannot  give.  Failure  to 
isolate  any  particular  substance  cannot  be  regarded  as  proof  that 
it  did  not  exist  temporarily  at  some  stage  of  the  reaction  ;  and  on 
the  other  hand,  proof  that  the  substance  in  question  could  not 
remain  unaltered  in  the  presence  of  the  reagents,  is  proof  merely 
that  it  might  have  been — not  that  it  actually  was — formed  as  an 
intermediate  stage  of  the  reaction. 

The  first  method,  then,  may  lead  to  positive  evidence  that  a 
given  substance  is  one  of  the  intermediate  products  of  the  reaction  ; 
the  second,  to  positive  evidence  that  it  was  not.  Neither  method 
can  furnish  evidence  of  the  kind  peculiar  to  the  other. 

A  few  simple  experiments  carried  out  by  either  of  the  two 
methods  may  often  give  valuable  information  ;  but  to  obtain  really 
conclusive  evidence  by  either  of  them,  all  the  precautions  suggested 
by  the  study  of  chemical  kinetics  must  be  observed.  In  applying 
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the  first  method,  in  particular,  it  has  too  often  been  forgotten  that 
change  of  conditions  often  entails  a  radical  change  in  the  mechanism 
of  the  reaction.  An  example  of  such  a  change  is  afforded  by  my 
experiments  on  the  oxidation  of  /J-naphthoquinone,  discussed  on 
page  9. 

In  a  paper  which  will  shortly  be  published,  Mr.  Daly  has  made 
a  careful  study  of  some  of  the  likely  intermediate  stages  in  the 
formation  of  phthalonic  acid  by  the  action  of  potassium  perman- 
ganate on  naphthalene.  The  present  experiments  with  /8-naphtho- 
quinone  and  some  of  its  possible  oxidation  products  show  how, 
under  favorable  circumstances,  a  few  simple  measurements  may  lead 
to  equally  definite  results. 

In  the  oxidation  of  /2-naphthoquinone  to  phthalic  acid,1  the  ring 
may  be  broken  at  the  double  bond,  between  the  two  keto  groups, 
or  between  the  CO  and  CH  groups  ;  of  these,  the  last  named  seems 
the  least  likely,  from  chemical  analogies,  while  simultaneous  dissolu- 
tion of  two  or  more  bonds  is  least  likely  of  all. 

The  first  alternative  would  result  in  the  formation  of  carboxy- 
phenylglyoxyl  -  formic  acid  which  on  further  oxidation  might  be 
converted  into  phthalonic  acid  and  then  into  phthalic  acid  (Series  A). 
The  experiments  of  Zincke*  and  of  Bamberger  and  Kitschelt8  who 
prepared  ortho-carboxy-phenylglyceric  acid  by  the  action  of  chloride 
of  lime  on  /J-naphthoquinone, 

CH   CO  CH   COOH 

^  \/\  /  \/ 

CH   C    CO         CH   C    COOH 

I     II    I  I     II    I 

CH   C    CH         CH   C    CHOH 

%-  /  \  /  X  /\/ 

CH  CH  CH  CHOH 

/?-naphthoquinone         ortho-carboxy-phenylglyceric  acid 

lend  probability  to  the  second  supposition  (Series  B) ;  and  I  have 
accordingly  undertaken  experiments  to  ascertain  whether  the  oxidation 
by  chromic  acid  follows  the  same  course. 

The  first  product  of  the  oxidation,  if  the  bond  between  the  two 
keto  groups  be  broken,  would  be  0-carboxy-cinnamic  acid.  I  do 
not  find  in  the  literature  any  account  of  this  substance  having  been 
oxidized  without  loss  of  carbon,  but  cinnamic  acid  itself  gives 
phenylglyceric  acid  ;  *  0-carboxy-phenylglyceric  acid  may  therefore 

i  Ann.  d.  Chem.  189,  155  (1877). 

*  Her.  25.  400  (1892). 

*  Ber.  25,  888  (1892). 

*  Fittigr  Ann.  d.  Chem.  268,  »7  (1892). 
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be  assumed,  with  perhaps  carboxy-benzoylacetic  acid  (the  hydrate 
of  phthalyl  -  acetic  acid)  intermediate.  Homophthalic  acid,  and 
carboxy-mandelic  acid  (the  hydrate  of  phthalid-carbonic  acid),  both 
of  which  may  be  obtained  from  phthalonic  acid  by  reduction,  may 
also  reasonably  be  regarded  as  possible  stages  in  the  oxidation, 
since  my  own  experiments  show  that  phthalonic  aaid  is  actually 
formed. 

The  steps  by  which  /?-naphthoquinone  is  oxidized  to  phthalic 
acid,  on  the  assumption  that  the  bond  between  the  two  CO  groups 
is  the  first  to  break,  may  thus  with  some  probability  be  assumed 
to  be  : 
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Substances  Used  in  the  Experiments. 

/3-Naphthoquinone  prepared  by  the  method  of  Lagodzinski  and 
Hardine1  and  purified  by  the  method  described  in  my  paper  on 
"  analytical  methods  "* ;  the  lactone  of  ortho-carboxy-phenylglyceric 
acid,  by  the  method  of  Zincke3,  melting  point  202°  ;  ortho-carboxy 
cinnamic  acid,  by  the  method  of  Ehrlich  and  Benedikt* ;  phthalyl- 
acetic  acid,  by  the  method  of  Gabriel  and  Neumann5  ;  homophthalic 
acid,  by  the  method  of  Graebe  and  Triimpy0,  melting  point  174°- 175°  ; 
the  lactone  of  phthalid-carbonic  acid,  by  the  method  of  Graebe  and 
Triimpy7,  melting  point  150°-152°  ;  phthalonic  acid,  by  the  method  of 
Graebe  and  Triimpy8.  As  1  found  that  air  dried  phthalonic  acid 
does  not  contain  a  definite  amount  of  water  of  crystallization9,  I  used 
anhydrous  acid  which  I  prepared  by  heating  the  air  dried  acid  at 
115°  to  constant  weight.  a-Napthoquinone  was  prepared  by  the 
method  of  Japp  and  Miller10  and  purified  by  repeated  crystallization 
from  petroleum  ether,  its  melting  point  was  124°- 126°  ;  the  a-naphthol 
and  the  naphthalene  were  c.p.  preparations  of  Kahlbaum. 

Mettiod  of  Working. 

The  rates  of  oxidation  were  measured  as  follows  :  in  a  150  cc. 
glass  stoppered  bottle  was  placed  0.1000  g.  /J-naphthoquinone  (or  an 
amount  of  one  of  the  other  substances  proportional  to  its  formula 
weight)  ;  and  a  mixture  of  70  cc.  of  potassium  bichromate  solution 
(7.648  g.  K8Cr,O7  per  litre)  with  5  cc.  of  dilute  sulphuric  acid 
(150  g.  H8SO4  per  litre)  was  added.  The  bottle  was  completely 
immersed  in  a  bath  of  boiling  water  ;  at  the  expiration  of  a  measured 
interval  it  was  removed,  emptied  into  a  beaker  containing  75  cc. 
ice  water  and  titrated  with  approximately  fortieth -normal  ferrous 
sulphate  using  potassium  ferricyanide  as  external  indicator  in  the 
usual  way.  The  results  of  the  measurements  are  contained  in  Table  I. 


1  Ber.  27.  3075  ('894)-  •  Ber.  31,  375  (1898). 

*  See  the  following:  paper.  »  Ber.  3 1 .  373  (1898). 
»  Ber.  25,  405  (1892).  «  Ber.  31,  369  ('898). 

«  Monatsh  9,  538  (1888).  •  See  the  following  paper. 

*  Ber.  26,  953  (1893).  »  J.  Chem.  Soc.  39.  aao  (1881). 
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SUBSTANCE. 

/3-Naphthoquinon< 

Ortho-carboxy- 
cinnamic  acid 

Ortho-carboxy- 
phenylglyceric  i 

Phthalyl-acetic  ac 

Homophthalic  aci 

Phthalid-carbonic 
acid 

Phthalonic  acid 
(anhydrous) 

Phthalic  acid 
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In  the  first  column  are  the  names  of  the  substances  ;  in  the 
second  the  formulas  ;  in  the  third  the  weights  taken  ;  in  the  fourth, 
after  /  the  duration  of  the  oxidation  in  minutes,  and  after  Bi  the 
amount  of  bichromate  reduced  expressed  in  cc.  of  a  solution  con- 
taining 7.648  g.  K,,Cr8O7  per  litre.  In  the  fifth  column,  under  P, 
are  entered  the  number  of  cc.  of  bichromate  (calculated  from  the 
formulas)  necessary  to  oxidize  the  substance  to  phthalonic  acid,  and 
under  T  the  number  of  minutes  (obtained  graphically  from  the  data 
of  the  table)  in  which  these  quantities  of  bichromate  are  reduced. 

Of  course  it  cannot  be  assumed  that  at  the  moment  T  nothing 
but  phthalonic  acid  is  present  in  the  solution,  for  that  substance 
itself  is  oxidized  by  chromic  acid.  This  reaction,  however,  takes 
place  slowly  in  the  relatively  dilute  solution  of  chromic  acid  left 
by  the  previous  oxidation,  as  is  shown  in  the  measurements  of 
Table  II. 

TABLE    II. 

Bi. 

8.2  cc. 
10.2 
2.7 
4.4 
6.0 
8.0 
6.3 
7.0 

The  weights  of  anhydrous  phthalonic  acid  taken  are  entered 
under  Phth.  Ac.,  the  volumes  of  the  bichromate  solution  and  of  the 
acid  (page  3)  under  Bichr.  and  Sulf.  Ac.  respectively,  the  duration 
of  the  oxidation  under  T,  and  the  bichromate  reduced  under  Bi. 
The  great  effect  of  the  concentrations  of  the  reagents  on  the  rate 
is  sufficiently  obvious  ;  from  a  graph  of  the  results  it  appears  that  the 
rate  is  proportional  to  the  concentrations  of  the  sulphuric  icid  and  of 
the  bichromate  respectively  and  to  the  square  of  that  of  the  phthal- 
onic acid,  but  for  the  purposes  of  this  paper  it  was  not  necessary 
to  undertake  special  measurements  to  establish  this  relation  rigorously- 
Far  the  greater  part  of  the  phthalonic  acid  formed  in  my  ex- 
periments would  thus  escape  further  oxidation  ;  and,  in  fact  the 
presence  of  that  substance  in  each  of  the  solutions  at  the  expiration 
of  T  minutes  was  established  by  the  test  with  potassium  perman- 
ganate described  in  my  paper  on  "analytical  methods"1.  This 

1  See  following  paper. 
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test  was  carried  out  as  follows.  First  the  chromic  acid  remaining 
was  reduced  with  ferrous  sulphate.  The  phthalonic  acid  was  then 
isolated  by  neutralizing  with  sodium  carbonate,  acidifying  with 
hydrochloric  acid,  evaporating  to  dryness  on  the  water  bath, 
extracting  with  absolute  alcohol  and  evaporating  the  alcohol  extract 
to  dryness  ;  the  resfdue  was  then  dissolved  in  a  little  water  and 
filtered.  The  solution  so  obtained  was  acidified  with  dilute  sulphuric 
acid,  and  decinormal  permanganate  was  added ;  in  every  case  the  colour 
was  discharged,  a  reaction  characteristic  of  phthalonic  acid  and 
serving  to  distinguish  it  from  phthalic,  homophthalic  and  phthalid- 
carbonic  acids. 

Phthalonic  acid  is  thus  an  isolable  product  of  the  oxidation  of  all 
six  substances  studied  ;  similar  experiments  showed  that  it  is  formed 
by  the  oxidation  of  a-naphthoquinone  ;  hitherto  it  has  been  known 
as  the  product  of  oxidation  of  naphthalene1  and  of  a-naphthol*  only. 

I. 

($-Naphthoqiiinone. 

A  glance  at  Table  I  shows  that  the  number  entered  under  T 
opposite  /8-napthoquinone  is  the  smallest  in  the  column.  In  other 
words  0.1000  g.  of  the  quinone  is  oxidized  to  phthalonic  acid  in  less 
time  than  it  would  take  to  oxidize  any  of  the  hypothetical  inter- 
mediate oxidation  products  of  series  2  (page  3)  even  if  they  had 
been  present  in  full  concentration  and  had  the  chromic  acid  all  to 
themselves. 

This  shows  conclusively  that  neither  orthocarboxy  -  cinnamic, 
ortho-carboxy  -  phenylglyceric,  phthalyl  -  acetic,  homophthalic,  nor 
phthalid-carbonic  acids  can  be  formed  in  the  course  of  the  oxidation 
of  /3-naphthoquinone  to  phthalic  acid  ;  and,  as  has  been  pointed  out 
in  the  introduction,  positive  evidence  of  this  nature  can  be  obtained 
in  no  other  way.  That  phthalonic  acid  is  an  intermediate  product  is 
shown  by  the  permanganate  test  described  above. 

The  measurements  with  o-carboxy- phenylglyceric  acid  are  par- 
ticularly interesting,  because  the  very  sample  of  this  substance  used 
in  my  measurements  was  itself  prepared  from  /3-naphthoquinone  by 
the  action  of  chloride  of  lime.  There  was  therefore,  a  priori,  a  high 
degree  of  probability  that  it  would  prove  one  the  products  of 
oxidation  with  chromic  acid.  Changing  the  oxidizing  agent,  how- 
ever, has  changed  the  whole  course  of  the  oxidation.  (See  page  4). 


1  Tscherniac  Her.  31,  139  (1898) ;  Graebe  and  TrUmpy,  Her.  31,  369  ('898). 

2  Henriques  Ber.  21,  1607  (1888). 
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The  experimental  study  of  series  A  was  prevented  by  the  circum- 
stance that  carboxy  -  phenylglyoxyl  -  formic  acid  has  not  yet  been 
described  in  the  literature,  and  that  as  yet  I  have  had  no  leisure  to 
attempt  its  preparation.  In  the  present  almost  total  absence  of 
data  of  the  kinetics  of  organic  reactions,  it  is  impossible  to  draw  any 
sure  conclusions  as  to  its  behaviour  on  oxidation  from  its  formula. 
The  analogous  phenylglyoxyl  -  formic  acid,  or  rather  an  amino 
derivative  of  it,  has  been  prepared  by  Baeyer  and  Homolka,1  but 
nothing  is  said  as  to  its  behaviour  with  oxidizing  agentt ;  similarly 
nothing  could  be  found  as  to  the  oxidation  of  dioxytartaric  acid, 
or  diphenyltriketone,  both  of  which  likewise  contain  the  group 
CO.  CO.  CO.  The  result  of  my  measurements,  then,  while  con- 
clusively disproving  the  possibility  of  the  mechanism  represented  by 
the  formulas  of  series  B,  leaves  the  question  open  as  to  series  A. 

II. 

Genetic  Relations  between  the  Six  Acids. 

From  the  data  of  Table  I,  collected  in  order  to  study  the  oxida- 
tion of  /3-naphthoquinone,  some  information  as  to  the  relations  of  the 
acids  involved  may  be  drawn.  It  is  immediately  obvious  for  instance, 
that  homophthalic  acid  cannot  be  an  intermediate  product  of  the 
oxidation  of  either  orthocarboxy  -  cinnamic,  ortho-carboxy-phenyl- 
glyceric,  or  phthalyl-acetic  acids  to  phthalonic  acid.  Without  further 
study  of  the  relations  between  rates  and  concentrations,  which 
(as  aside  from  the  main  purpose  of  the  research)  was  not  undertaken, 
nothing  further  definite  can  be  said ;  but  if  the  plausible  assumption 
be  allowed,  that  in  each  case  the  rate  is  proportional  to  at  least  the 
first  powers  of  the  concentrations  of  the  acids  oxidized,  then  none  of 
the  acids  studied  can  be  considered  as  intermediate  stages  in  the 
oxidation  to  phthalonic  acid  of  those  higher  in  the  table. 

III. 
a-Naphthoqu  inone. 

In  this  connection,  a  few  experiments  were  conducted  with 
a-naphthoquinone  the  results  of  which  are  given  in  Table  III  : 

TABLE  III. 

o-Naphthoquinone 

taken  P          T 

,.  0.1000  g.—t— 30      60        90       120      150      280 

Bi— 5.1     11.6    20.8    26.2    31.6    35.6  40.5      220 


l  Her.  16.  2319(1883). 
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Taken  with  the  data  of  Table  I  these  measurements  show  that 
orthocarboxy-cinnamic  and  homophthalic  acids  cannot  be  intermediate 
products  in  the  oxidation  of  a-naphthoquinone  to  phthalonic  acid 
under  the  circumstances  of  my  experiments.  Without  further 
measurements  to  ascertain  the  effect  of  concentrations  on  the  rates 
the  same  cannot  be  said  of  ortho-carboxy-phenylglyceric  and  phthalid- 
carbonic  acids.  Consideration  of  the  structural  formulas,  however, 
makes  it  very  unlikely.  It  is  possible,  however,  to  show  from  the 
data  of  Tables  I  and  III  that  phthalyl-acetic  acid  cannot  be  an 
intermediate  product. 

40.5  cc  bichromate  are  necessary  to  transform  0.1  g.  of  a-quinone 
into  phthalonic  acid  and  need  220  minutes  to  do  it.  16.2  cc 
bichromate  would  be  necessary  to  oxidize  the  quinone  to  phthalyl- 
acetic  acid,  and  the  table  shows  that  this  amount  of  bichromate  is 
reduced  in  77  minutes.  Experiments  on  the  rate  of  oxidation  of 
phthalyl-acetic  acid  show  (by  interpolation)  that  in  the  last  (220  -  77) 
143  minutes  at  most  0.51  equivalents1  of  that  substance  could  be 
oxidized,  leaving-  at  least  0.49  equivalents  that  must  have  been 
oxidized  in  the  first  77  minutes.  This  oxidation  would  require 
0.49  x  24.3  =  11.9  cc  of  bichromate  out  of  the  16.2  actually  reduced, 
leaving-  only  4.3  reduced  by  the  quinone.  The  phthalyl-acetic  acid 
formed  by  the  reduction  of  this  amount  of  bichromate,  however, 
amounts  to  only  4:3/16.2  =  0.26  equivalents  instead  of  the  minimum 
of  0.49  required  by  the  assumptions. 

The  assumption  that  phthalyl-acetic  acid  is  an  intermediate 
product  of  the  oxidation  of  a-naphthoquinone  to  phthalonic  acid  is 
therefore  disproved  by  the  rate  measurements. 

The  same  process  of  reasoning  makes  it  most  improbable  that 
phthalid-carbonic  acid  can  be  intermediate  in  the  oxidation  of  ortho- 
carboxy-cinnamic acid  to  phthalonic  acid. 

IV. 

a-Naphthol. 

The  results  of  a  series  of  experiments  with  a-naphthol  given  in 
table  IV  show  that  homophthalic  acid  cannot  be  formed  "on  the 
way "  to  phthalonic  acid  ;  so  far  as  my  experiments  go,  however, 
any  of  the  other  six  compounds  studied  may  be  intermediate 

compounds. 

TABLE  IV. 
a-Naphthol 

taken  P 
0.091  g.     t  —  30        60        90        150        180 
Bi.  —  18.620.1      25.1      26.7       29.2            56.7       580 

1  By  one  "equivalent"  is  to  be  understood  the  weight  of  substance  entered  in  column  3  of  Table  I. 
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V. 

The  Action  of  Nitric  Acid  on  Naphthalene. 

Laurent1  and  Beilstein*  have  shown  that  phthalic  acid  can  be 
prepared  by  the  action  of  nitric  acid,  spec.  grav.  1.15,  on  naphtha- 
lene, and  the  latter  even  stated  that  "apart  from  the  trouble  of 
working"  in  sealed  tubes  this  is  the  cheapest  way  of  preparing-  this 
substance."  I  undertook  a  long  series  of  measurements  in  the  hope 
of  ascertaining  the  mechanism  of  this  reaction  but  without  success, 
as  in  all  my  experiments — whether  carried  out  in  tubes  or  in  open 
vessels — large  quantities  of  nitro  compounds  were  formed,  and 
conditions  could  not  be  found  under  which  oxidation  took  place 
anything  like  quantitatively. 

The  following  table  gives  the  results  of  a  series  of  determinations 
of  the  phthalic  acid  produced  by  the  action  of  40  cc  of  nitric  acid 
(s.g.  1.15)  in  six  hours  at  100°  on  naphthalene,  a  and  ft  naphtho- 
quinones,  homophthalic,  and  phthalid-carbonic  acids  respectively. 

TABLE  V. 
SUBSTANCE.  WEIGHT  TAKEN. 

Naphthalene  2.0000  .076 

44  2.0000  .074 

a-naphthoquinone  0.0712  .057 

"  0.0712  .045 

0-naphthoquinone  0.0712  .043 

0.0712  .038 

Homophthalic  Acid  0.08H  .036 

0.0814  .047 

Phthalic-carbonic  Acid  0.0804  .041 

0.0804  .041 


1  Ann.  d.  Chem.  19  38  (1836). 
s  Ann.  d.  Chem.  202  215  (1880). 


THE  DETECTION  AND  ESTIMATION  OF  a-NAPHTHO- 
QUINONE,  0-NAPHTHOQUINONE,  PHTHALONIC  ACID, 
AND  PHTHALIC  ACID. 

During  the  progress  of  a  research  upon  the  mechanism  of  the 
oxidation  of  naphthalene  to  phthalic  acid,  it  was  found  necessary  to  be 
provided  with  methods  for  the  detection  and  accurate  determination 
of  a-naphthoquinone,  /3-naphthoquinone,  phthalonic  acid,  and  phthalic 
acid  ;  and  also  with  a  method  for  the  determination  of  phthalic  acid 
in  the  mixture  of  organic  acids  formed  by  the  oxidation.  As  no  such 
methods  are  described  in  the.  chemical  literature,  I  was  forced  to 
work  them  out  for  myself ;  and  after  a  number  of  preliminary  trials 
arrived  at  the  following,  which  have  proved  very  satisfactory,  both 
as  to  the  simplicity  of  the  methods  involved,  and  the  accuracy  of  the 
results  obtained. 


Determination  of  a-Naphthoquinone. 

This  compound  was  prepared  by  the  method  of  Japp  and  Miller1 
which  is  an  improvement  on  the  method  of  Groves8. 

The  reaction  of  the  quinone  which  "seemed  best  suited  for  the 
purposes  of  an  analytical  method .  Js  that  with  stannous  chloride, 
which  has  been  used  by  Plimpton8  and  by  Russig*  for  the  preparation 
of  a  hydro-naphthoquinone  and  its  derivatives. 

In  the  first  experiments  I  treated  the  quinone  with  a  large 
quantity  of  the  stannous  salt,  and  attempted  to  determine  the  excess 
of  the  latter  with  decinormal  iodine.  No  satisfactory  results,  how- 
ever, were  obtained,  either  at  room  temperature,  or  at  100°C.  This 
might  be  accounted  for  by  the  action  of  iodine  on  the  hydro-naphtho- 
quinone formed  by  the  reduction  ;  but  even  when  the  latter  was 
removed  results  were  still  unsatisfactory. 

The  plan  was  then  changed,  and  the  stannous  salt  was  added  to 
the  quinone  from  a  burette  until  the  reduction  was  complete,  the  end 
point  being  recognized  by  the  absence  of  characteristic  colour 
reactions  of  the  quinone.  Two  methods  of  working  were  studied, 
differing  in  the  nature  of  the  indicator  chosen  ;  both  gave  good 
results. 


ij.  Chem.  Soc.    39,  220  (1881). 
»  Liebig's  Annalen  1 67,  357  (1873)- 
8J.  Chem.  Soc.   37,  635  (1880). 
4  Jour.  Park.  Chem.  170,  32  ('9°°)- 
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FIRST  METHOD  :  A  decinormal  solution  of  stannous  chloride  in 
two  per  cent,  hydrochloric  acid*  is  run  into  the  alcoholic  solution  of 
the  quinone  until  the  yellow  colour  of  the  latter  is  almost  discharged. 
The  addition  of  the  stnnnuous  chloride  is  then  proceeded  with  drop 
by  drop,  testing  after  each  addition,  on  a  watch  glass,  with  a  drop 
or  two  of  a  mixture  of  equal  volumes  of  phenyl-hydrazine  and 
alcohol.  So  long  as  a  trace  of  the  quinone  remains  a  bright  pink 
colour  is  formed1.  A  /^  j^  ^ 

o-Quinone  taken  =  jfjtyty  g.  -£<&»  ^ 

Stannous  chloride,  .(rX/V.  per  I.)  required  =  jfofa  cc. 
equivalent  tot>?|K)Xg.   Quinone 

SECOND  METHOD  :  To  the  alccjhofic  solution  of  the  quinone,  three 
or  four  drops  of  freshly  distilled  aniline  are  added,  and  the  whole  is 
boiled;  whereupon  it  turns  bright  red*:  Decinormal  stannous 
chloride  is  then  run  in  from  a  burette,  heating  to  boiling  after  each 
addition,  until  the  red  colour  is  completely  discharged.  If  the  end 
point  has  been  overstepped,  a  volumetric  solution  of  the  naphtho- 
quinone  may  be  used  for  titratijpg^back^. 

a-Quinone  taken  = 


Stannous  chloridaflQftk^g.  per  1.)  required  =  jXJ/6  cc. 
equivalent  \o  Q^VMf  g.   Quinone 


Purification  of  $-Naphthoquinone. 

This  compound  was  prepared  according  to  the  method  of  Lagod- 
zinski  and  Hardine8,  about  40  g.  of  crude  quinone  being  obtained 
from  50  g.  /3-naphthol.  No  method  could  be  found  in  the  literature 
for  the  purification  of  this  crude  material,  and  attempts  to  recrystal- 
lize  it  from  ether,  alcohol,  benzene,  petroleum  ether,  acetone  and 
chloroform  or  mixtures  of  these  were  unsuccessful. 

The  following  method  based  on  the  reduction  of  the  quinone  to 
the  corresponding  hydroquinone  and  subsequent  oxidation  of  the 
latter,  however,  effects  a  complete  purification  without  loss  of  material. 

Twenty  grams  of  the  crude  dark  coloured  quinone  is  placed  in  a 
500  cc  Erlenmeyer  flask,  250  cc  of  water  saturated  with  sulphur 
dioxide  is  added,  the  flask  is  corked  tightly  and  the  whole  shaken 
violently  for  about  half  a  minute  or  until  nearly  all  is  dissolved.  The 


*If  the  acid  is  too  concentrated,  some  of  Knapp  Schultz's  amorphous  compound  may  be  formed. 
Am.  210.  178(1884). 

l  Ber.  1  7,  3°*>  (1884). 

*  J.  Chem.  Soc.  37,  635  (1880). 

«  Ber.  27,  3075  ('894). 
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shaking  must  not  be  continued  too  long  or  there  will  be  a  loss  due  to 
the  separation  of  hydroquinone  from  the  solution.  The  mixture  is 
then  quickly  filtered  by  suction  through  a  Buchner  perforated  funnel 
directly  into  a  solution  containing  60  grams  potassium  bichromate 
and  40  cc  cone,  sulphuric  acid  in  1200  cc  water  cooled  to  5°-10°C. 
The  suction  flask  should  be  shaken  with  a  circular  motion  during  the 
filtration.  The  pure  quinone  falls  to  the  bottom  as  a  bright  yellow 
orange  precipitate  and  a  black  tarry  residue  remains  on  the  filter.  A 
second  portion  of  twenty  grams  crude  quinone  may  be  dissolved  in 
sulphurous  acid  as  before  and  filtered  into  the  same  oxidizing  mixture 
without  removing  the  quinone  already  there. 

Determination  of  fi-Naphthoquinone. 

Decinormal  stannous  chloride  is  added  from  a  burette  to  the 
quinone  dissolved  in  ether.  A  dark  green,  almost  opaque  solution 
results,  owing,  probably,  to  the  formation  of  a  quinhydrone.  On 
adding  more  tin  solution  a  point  is  finally  reached  at  which  the  solu- 
tion in  ether  suddenly  becomes  colourless  and  transparent,  indicating 
the  complete  reduction  °^h^  quinone  to  hydroquinone. 

/3-Quinone  taken  -  /«$>$#  g.  S6'&  " 

Stannous  chlorid^(^fe  g.  per  1.)  required  =  ffcfa  cc. 
equivalent  Vb'fyfyfo'g.   Quinone 

^/7/ 

Purification  of  Phthalonic  Acid. 

The  syrupy  solution  prepared  from  naphthalene  and  potassium 
permanganate  by  the  method  of  Graebe  and  Triimpy1  crystallizes  on 
long  standing  in  an  exiccator  to  a  solid  mass,  said  to  consist  of  the 
dihydrate  of  phthalonic  acid2  ;  I  found  it,  however,  impossible  to 
obtain  a  preparation  of  definite  composition  without  completely 
dehydrating  the  acid.  This  is  seen  from  the  following  determination 
of  the  water  of  crystallization. 

1.9676  g.  of  the  pulverized  amorphous  acid  was  heated  in  a  steam 
bath  for  5  hours,  the  loss  in  weight  was  0.2116  g.  It  was  further 
>eated  at  115°  to  constant  weight.  Total  loss  in  weight  0.2606  g. 

found  calc.  (C9H6O5  .2H8O) 

H2O  13.3  15.65 

The  acid  thus  contained  2.35%  less  water  of  crystallization  than 
corresponds  to  the  dihydrate. 


iBer.  31  369(1898). 
*  Ibid  3  70  (1898). 
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Determination  of  Phthalonic  Acid. 

Two  methods  were  devised  for  the  quantitative  determination  of 
phthalonic  acid,  both  of  which  can  be  quickly  and  accurately  carried 
out.  In  the  first  the  carbon  monoxide  evolved  on  heating  with 
sulphuric  acid  is  measured,  and  in  the  second  the  phthalonic  acid  is 
oxidized  by  a  volumetric  solution  of  potassium  permanganate. 

FIRST  METHOD  : 


The  phthalonic  acid,  about  0.5  g. ,  is  placed  in  a  thick  walled 
hard  glass  test  tube ;  and  5  cc  concentrated  sulphuric  acid  is 
added.  The  tube  is  then  fitted  with  a  rubber  stopper  through  which 
pass  two  glass  tubes,  one  running  to  within  three  quarters  of  an  inch  of 
the  surface  of  the  acid  and  connected  with  a  carbon  dioxide  apparatus 
B,  the  other  ending  just  flush  with  the  bottom  of  the  stopper  and 
connected  to  the  inlet  tube  of  a  SchifFs  azotometer  C  containing  30% 
caustic  potash  solution.  The  air  is  completely  expelled  by  allowing 
a  rapid  stream  of  carbon  dioxide  to  pass  through  the  apparatus,  the 
potash  solution  during  this  operation  being  almost  all  in  the  levelling 
bulb  D.  When  the  air  is  all  expelled  the  tube  of  the  azotometer  is 
filled  with  the  potash  solution,  and  the  levelling  bulb  placed  so  that 
the  surface  of  the  potash  in  it  is  about  level  with  the  inlet  tube  of  the 
azotometer,  the  mixture  of  phthalonic  acid  and  sulphuric  acid  is 
gradually  heated  in  a  paraffine  bath  to  130°  C,  when  carbon  mon- 
oxide is  quite  rapidly  evolved.  This  continues  for  about  ten  minutes 
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when  the  evolution  slackens.  The  temperature  is  now  raised  to  140° 
and  in  five  minutes  more  the  greater  part  of  the  carbon  monoxide  is 
evolved.  At  this  temperature  carbon  monoxide  would  continue  to 
be  evolved  very  slowly  for  six  or  seven  hours  ;  but  if  the  temperature 
is  raised  to  180°  the  remaining  gas  is  quickly  given  off,  the  evolution 
entirely  ceases.  The  whole  duration  of  the  heating  is  about  one 
hour.  The  carbon  monoxide  remaining  in  the  reaction  tube  is  driven 
over  into  the  azotometer  by  a  stream  of  carbon  dioxide  ;  the  levelling 
bulb  is  raised  so  that  the  pressure  inside  the  azotometer  is  slightly 
greater  than  that  of  the  atmosphere,  and  the  azotometer  is  disconnected 
from  the  heating  tube.  The  carbon  monoxide  is  then  transferred  to 
a  gas  burette  filled  with  a  saturated  solution  of  carbon  monoxide 
in  water,  and  after  standing  half  an  hour  the  volume  is  read, 
barometer  and  thermometer  being  noted.  The  following  results 
were  obtained  : 

*  Anhydrous  phthalonic  acid,  taken     -       0.5000  grams 
Volume  of  carbon  monoxide    -     -     -     61.1  cc 
Barometer  reading     ------  748.5  mm 

Temperature     --------     19.0°C. 

Tension  of  aqueous  vaper   -     -     -     -     17.3mm 

Volume  at  0°  C  and  760  mm  pressure  =  56.2  cc,  equivalent  to  0.49 
g.  of  anhydrous  phthalonic  acid. 

A  second  determination,  made  immediately  after,  gave  precisely 
the  same  volume  of  carbon  monoxide,  the  pressure  and  temperature 
also  remaining  unchanged. 

Another  series  of  experiments  showed  that  when  phthalic  acid  or 
phthalic  anhydride  was  heated  with  concentrated  sulphuric  acid  to 
210°C,  no  gas  not  absorbed  by  caustic  potash  solution  was  evolved. 

SECOND  METHOD  :  This  method  while  just  as  accurate  as  the 
preceding  has  the  advantage  of  being  much  more  rapid  ;  it  allows 
the  determination  of  phthalonic  acid  in  the  presence  of  phthalic, 
homophthalic  and  phthalid-carbonic  acids. 

The  phthalonic  acid  is  dissolved  in  water,  sulphuric  acid  added, 
and  decinormal  potassium  permanganate  run  in  from  a  burette.  The 
oxidation  is  slow  at  first,  but  increases  in  speed  as  it  proceeds,  owing 
probably  to  the  catalytic  action  of  the  manganous  sulphate  formed. 
The  end  point  can  best  be  obtained  by  running  in  an  excess  of  per- 
manganate and  titrating  back  with  ferrous  sulphate  until  the  last 
tinge  of  pink  is  discharged.  By  working  in  this  way  the  end  point 

*  Dried  at  115°  C  to  constant  weight. 
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can  be  determined  without  difficulty  within  two  drops  of  twentieth- 
normal  ferrous  sulphate. 

Anhydrous  phthalonic  acid  taken,    0.5000  g. 
N/10  Permanganate  added,  55.2  cc. 

Ferrous  sulphate  required,       =        7.0  cc.  equivalent  to  3.43  cc 
permanganate. 

Thus  55.2  -  3.43  cc  =  51.8  of  permanganate  were  reduced, 
equivalent  to  0.502  g.  of  anhydrous  phthalonic  acid. 

The  titration  must  not  be  carried  out  in  hot  solutions,  as  in  that 
case  homophthalic,  phthalid-carbonic,  and  even  phthalic  acids  are 
acted  on.  By  adding  manganous  sulphate  to  the  phthalonic  acid 
before  running  in  the  permanganate,  the  action  of  the  latter  is  much 
accelerated. 


Separation  and  Determination  of  Phthalic  Acid. 

The  method  consists  in  separating  the  phthalic  acid  from  homo- 
phthalic and  phthalid-carbonic  acids  by  sublimation,  and  determining 
it  with  volumetric  alkali.  The  apparatus  in  which  the  sublimation  is 
effected  is  made  up  of  the  test  tube  A,  the  air  tube  B,  and  the 
absorbent  cotton  C,  to  catch  the  sublimed  phthalic  anhydride.  The 
tube  B  ends  in  a  fine  point  about  half  an  inch  above  the  mixture  of 
organic  acids  in  the  bottom  of  the  test  tube,  and  is  connected  with 
an  inverted  aspirator. 

The  test  tube  is  immersed  to  the  depth  of  -J  inch  in  a  metal  bath 
kept  at  200°-220°  C,  and  a  fairly  strong  current  of  air  directed  on  to 
the  surface  of  the  acids.  After  half  an  hour,  the  apparatus  is 
removed  from  the  bath  ;  when  cool,  the  bottom  of  the  test  tube  is 
cut  off,  the  cotton  is  transferred  to  a  beaker  and  any  anhydride 
adhering  to  the  interior  of  A  or  the  exterior  of  B  is  washed  into  the 
the  beaker  by  a  volumetric  solution  of  caustic  potash.  Excess  of  the 
potash  is  then  added  to  the  contents  of  the  beaker,  and  after  the 
cotton  has  soaked  for  half  an  hour  in  the  alkaline  solution,  the  excess 
of  alkali  is  determined  by  volumetric  sulphuric  acid  and  phenol- 
phthalein  taking  the  usual  precautions  to  avoid  errors  due  to  carbon 
dioxide.  A  blank  experiment  shewed  that  the  "  Bauer  and  Black 
cotton  "  used  was  perfectly  neutral. 

In  this  connection  it  should  be  noted,  that  phthalic  anhydride 
cannot  be  determined  by  caustic  potash  in  the  presence  of  alcohol ; 
even  the  alcohol  contained  in  a  few  drops  of  phenolphthalein  solution 
used  as  indicator  affects  the  results,  causing  the  red  colour  to  appear 
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with  too  little  potash.      It  is  necessary  therefore,  to  introduce    the 
indicator  in  the  solid  form,  or  dissolved  in  the  volumetric  potash. 


The  following  results  show  the  degree  of  accuracy  of  the  method 


(1)  Phthalic  acid  - 

mixed  with  homophthalic  acid 
and  phthalid-carbonic  acid    - 

Volumetric  potash  - 

Volumetric  acid 
equivalent  to 

Hence  potash  required 

This  is  equivalent  to 


0.25  g 

0.25 

0.25 
36.55  cc 
23.8 

26.04  cc  potash 

10.5  cc 

0.252  g.  phthalic  acid. 


(2)  Phthalic,  homophthalic,  and  phthalid-carbonic  acids, 


each  0.25  g  as  in  (1). 
Volumetric  potash  - 
Volumetric  acid 

equivalent  to 
Hence  potash  required 
This  is  equivalent  to 


42.8cc 
29.75 

32.55  cc  potash 
10.25  cc 
0.246  g  phthalic  acid. 


Fluorescein  Reaction. 

This  was  carried  out  in  the  following  manner  :  One  decigram  of 
resorcin  was  mixed  with  its  own  weight  or  less  of  the  acid  to  be 
tested,  moistened  in  a  test  tube  with  one  drop  of  concentrated 
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sulphuric  acid,  and  heated  to  160°  C  for  three  minutes  in  a  bath  of 
sulphuric  acid.  After  cooling",  the  mass  was  shaken  with  2  cc  of  a 
10%  solution  of  caustic  soda,  and  poured  into  500  cc  of  water. 

When  resorcin  alone  is  treated  as  described  above,  a  red  solution 
is  obtained  with  marked  blue  fluorescence.  One  decigram  of 
phthalic  acid  with  the  resorcin  gives  a  light  solution  with  very  strong 
green  fluorescence  ;  one  milligram,  a  red  solution  with  green  fluor- 
escence ;  and  one  fifth  milligram,  a  solution  redder  than  the  last, 
with  blue  green  fluorescence,  on  comparing1  it  with  the  solution 
obtained  from  resorcin  alone  the  green  hue  of  the  fluorescence  is 
distinctly  recognizable. 

The  following  substances  were  also  tested,  one  decigram  being 
used  in  each  case,  napthalene,  red-pink  solution,  with  green  fluor- 
escence ;  a-napthoquinone,  the  same  ;  /3-napthoquinone  dark  green 
solution,  no  fluorescence  :  a-naphthol,  red  solution,  blue  fluorescence; 
/3-naphthol,  the  same.  In  none  of  these  cases  was  the  fluorescence 
as  marked  as  when  one  fifth  milligram  of  phthalic  acid  was  employed. 
Phthalonic  acid  gave  a  dark  red  solution,  with  strong  blue-green 
fluorescence  ;  phthalid-carbonic  acid,  a  pink-red  solution  with  green 
fluorescence,  much  resembling  that  obtained  from  naphthalene  ;  and 
homophthalic  acid,  a  slightly  red  solution,  with  green  fluorescence, 
almost  as  strong  as  when  a  decigram  of  phthalic  acid  was  used. 

/  desire  to  express  my  thanks  to  Professor  W.  Lash  Miller  under 
•whose  direction  this  work  was  performed. 
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